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Remarks 

In the specification, the bridging paragraph at pages 8-9 has been amended to correct a 
minor typographical error of the name of the cited patent by Doan et al. 

Claims 1, 11, 16, 22, 26, 30,33,46, 50, 52, 66-73, 101-110, 112-1 14, 1 16-1 17, 119-124, 
127-129 have been amended to recite heating at a temperature of about 700°C. or greater. 
Support for the amendment is in the original claims as filed (e.g., Claim 27) and the specification 
at page 4, line 16, at page 11, line 24, and at page 13, line 25, for example. 

Claims 23, 27, 31, 35 and 48 have been amended to recite that the heat treatement is at a 
temperature of about 700°C. to about 800°C, as supported in the specification at page 1 1, 
line 24, and at page 13, line 25, for example. 

Rejections under 35 U.S.C. § 112(2) 

The Examiner rejected Claims 1-3, 6-10, 35, 101, 106 and 1 12 under Section 1 12(2) for 
the use of indefinite claim language. 

Claim 35 has been amended to recite "the" preceding the phrase "heat treatment" as 
suggested by the Examiner. 

The Examiner maintains that the use of "undesirable" in Claims 1-3, 6-10, 101, 106 and 
109-1 12 is unclear. Applicant traverses this rejection. 

The term "undesirable component" recited in the claims is defined in the specification at 
page 8, lines 2-5: 

The term "undesirable component" refers to any element or compound contained within the 
contact material that will adversely affect a semiconductor device, for example, a high 
concentration of chlorine that can corrode an overlying aluminum interconnect and adversely 
affect the device." 

As provided in MPEP 2 1 73 .02 (Clarity and Precision): 

...The test for indefiniteness under 35 U.S.C. 1 12, second paragraph is whether "those 
skilled in the art would understand what is claimed when the claim is read in light of the 
specification." Orthokinetics, Inc. v. Safety Travel Chairs, Inc., 806 F.2d 1565, 1576, 1 
USPQ2d 1081, 1088 (Fed. Cir. 1986). If one skilled in the art is able to ascertain... the meaning 
of the terms... in light of the specification, 35 U.S.C. 1 12, second paragraph is satisfied. 
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Further, as provided in MPEP 2106(C) (Review the Claims): 

Office personnel must rely on the applicant's disclosure to properly determine the meaning 
of terms used in the claims. Markmcm v. Westview Instruments, 52 F.3d 967, 980, 34 USPQ2d 
1321, 1330 (Fed. Cir.) (enbanc), affd, U.S., 1 16 S.Ct. 1384 (1996). An applicant is entitled to 
be his or her own lexicographer, and in many instances will provide an explicit definition for 
certain terms used in the claims. Where an explicit definition is provided by the applicant for a 
term, that definition will control interpretation of the term as it is used in the claim.... 

In the present application, Applicant has set forth a definition in the specification for the 
term "undesirable component" allowing one having ordinary skill in the art to readily determine 
the scope of the claimed subject matter. 

Moreover, the term "undesirable" itself is used according to its ordinary meaning. The 

Examiner is respectfully directed to the following definition of the term "undesirable": 

The American Heritage® College Dictionary, 3 rd ed., page 1473, Houghton Mifflin Co., 
Boston, MA (1997): 

Un de sir a ble...l. Not likely to please; objectionable. 2. Not wanted... 

Accordingly, Applicant submits that the term "undesirable component" is clear in its 

meaning, and withdrawal of this rejection is respectfully requested. 

Rejections under 35 U.S.C § 102(e) 

The Examiner rejected Claims 1,3-9, 11, 13, 14, 16, 18, 19,21,22, 24, 26, 28,30,37, 
38, 49, 68, 71, 101-105, 1 12, 120, and 121 under Section 102(e) as anticipated by Wang 
(US 2002/0155218). Insofar as this rejection is maintained with respect to the claims as. 
amended, this rejection is traversed. 

The Examiner maintains that Wang discloses formation of titanium nitride layer 204 by 
reaction of NH 3 , TiCl 4 , and Eb, removal of layer 204 by CMP and thermal treatment of layer 204 
in NH 3 containing atmosphere at 580°C. to reduce the chlorine content to 3% by weight, at 
paragraphs [0037]-[0049]. 

Wang does not disclose thermal heating of a contact in a reactive gas at a temperature of 
about 700°C. or greater to remove an undesirable component from the contact. 
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Wang fails to teach or suggest all of the limitations of the above-rejected claims. 
Accordingly, withdrawal of the Examiner's rejection is respectfully requested. 

Rejections under 35 U.S.C. § 103(a) 

Wang with Hu . The Examiner rejected Claims 2, 12, 17, 23, 27, 31, 34, 35, 40-45, 1 14 
and 116 under Section 103(a) as being obvious over Wang in view of Hu (USP 6,436,820). This 
rejection is respectfully traversed. 

The Examiner admits that Wang does not disclose RTA to reduce the chlorine content 
below 3% by weight, but maintains that it would be obvious to alter the thermal treatment step of 
Wang to be performed by RTA at about 680°C, as disclosed by Hu. 

First of all, Wang effectively teaches away from the use of an NH3 anneal for removal of 

chlorine from a CVD deposited film. Wang expressly teaches the desirability of a plasma 

treatment using a H-containing plasma as compared to thermal annealing in NH3 — which Wang 

teaches is not as effective in reducing CI content in TiN films and has a less favorable aging 

effect. Wang at paragraphs [0045] and [0046]: 

[0045] The plasma treatment using a hydrogen-containing plasma, such as that generated 
from H 2 , is more effective in reducing the CI content in TiN films compared to thermal 
annealing in NH S . For example, at a temperature of about 580°C, a TiN film has a CI 
concentration of about 3% after NH 3 thermal anneal, compared to about 1 .5% after a H 2 /N 2 
plasma treatment. Typically, the resistivity of a TiN film treated in a H2/N2 plasma, or more 
generally, a plasma comprising hydrogen and nitrogen, at about 580°C. is less than about 
200-230 //ohm-cm. In one embodiment, for example, a TiN film treated with a plasma 
comprising hydrogen has a resistivity of about 180 //ohm-cm, compared to about 320 pohm-cm 
after NH 3 thermal anneal. 

[0046] A more favorable aging effect is also observed for TiN films treated with a hydrogen- 
containing plasma compared to thermal anneal with NH 3 . For example, TiN films treated with a 
H 2 plasma exhibit less than 4% increase in sheet resistance after 24 hours, while other TiN films 
of the same thickness treated by thermal annealing in NH 3 show an increase of about 40%. 

Thus, there is no motivation based on the foregoing disclosure in Wang to pursue a heat 
treatment — rather than a plasma treatment — to remove chlorine from a TiN contact, and 
certainly not a heat treatment at an increased temperature of 680°C. as described by Hu. 

In addition, Wang basically teaches away from use of high process temperatures. Wang 
describes the disadvantage of prior art methods of thermal CVD of TiN performed at a 
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temperature of about 650°C. — stating that the high temperature is detrimental to the capacitor 
structure, and the desirability for a method of forming TiN films at reduced temperatures. Wang 
at paragraphs [0009] and [00 10]: 

[0009] Although the CI content in the deposited TiN film can be reduced by increasing the 
deposition temperature, improved step coverage is favored by lowering the deposition 
temperature. Furthermore, a relatively low deposition temperature is advantageous for process 
integration purposes. For example, TiN can be used as a barrier layer for an upper electrode in 
a capacitor structure with tantalum pentoxide (Ta 2 0 5 ) as the dielectric. However, thermal CVD 
of TiN—e.g., using a reaction between TiCU and NH 3 , is often performed at a temperature of 
about 650°C. Such a high temperature may cause undesirable atomic inter-diffusion within the 
capacitor structure. 

[0010] Therefore, a need exists in the art for a method of depositing TiN at a reduced 
temperature, to yield thick, crack-free TiN films having improved properties including good 
step coverage and low resistivity. 

Wang further teaches performing the plasma treatment at a temperature of about 
500-600°C. Wang at Table 2 (after paragraph [0044] lists the plasma treatment process 
parameters with the pedestal temperature at 580°C. with a range of 400-600°C. See also 
paragraph [0045] above describing the plasma treatment temperature 1 , and, for example, 
Claim 2 reciting a temperature range of 500-600°C for the plasma treatment step (b). 2 

There is no motivation based on Wang's disclosure to increase a processing temperature 
higher than 600°C. 

Thus, one of ordinary skill in the art would not be motivated to pursue the teaching of Hu 
as a modification of Wang's described process to remove chlorine from a TiN contact, and 
certainly not a heat treatment at an increased temperature of 680°C. as described by Hu. 

Moreover, even if combined, the combination of Wang with Hu would not provide 
Applicant's invention as claimed in which the contact is heated in a reactive gas at a temperature 
of about 700°C. or greater. Wang particularly teaches an NH3 anneal at a temperature of 680°C. 
See, for example, Wang at cols. 4-5, bridging paragraph (and throughout the disclosure) 
(emphasis added): 3 

1 Wang at paragraph [0045]: "...Typically, the resistivity of a TiN film treated in a H 2 /N 2 plasma, or more 
generally, a plasma comprising hydrogen and nitrogen, at about 580°C. is less than about 200-230 /ADhm-cm..." 

2 Wang at Claim 2: "...wherein step (b) is performed at... at temperature between about 500 to about 600°C..." 
J See also the Example at col. 6, lines 60-65 (emphasis added): 
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Applicants determined that when a TiN film approximately 200 A thick is annealed in the 
presence of NH 3 , an annealing time of about 5 seconds produces a drastic decrease in film 
resistivity, which continues to decrease for treatment times out to about 40 seconds. . . . FIG. 2 
shows graph 200, which illustrates the effect on film resistivity of annealing a 200 A thick TiN 
film, when the film is annealed at approximately 680°C, in the presence of NH 3 , at a pressure 
of about 1 0 Torr. . .Curve 260 illustrates that for a TiN film annealed in the presence of NH 3 at 
the conditions specified above, the resistivity of a film tends to decrease with annealing time up 
to about 20-30 seconds, then remain substantially constant up to at least 120 seconds annealing 
time... 

One skilled in the art would have no motivation to combine the teachings of Wang with 
Hu, or to make the proposed modification of Wang. Clearly, based on the teachings of Wang, 
there is no motivation to modify Wang's process as proposed by the Examiner. Accordingly, 
withdrawal of this rejection based on the combination of Wang with Hu is respectfully requested. 

Wang with/without Hu and Leem or Japan y 220 . 

The Examiner rejected Claim 115 under Section 103(a) as being obvious over Wang in 
view of Hu, and further in view of Leem (USP 6,436,820) or Japan 5-267220 (Japan '220). 
The Examiner rejected Claims 10, 15, 20, 25, 29, 32, 39, 50-59, 61-63, 66, 67, 69, 70, 72, 73, 
106-1 11, 113, 117-1 19, 122, and 123 under Section 103(a) as being obvious over Wang in view 
of Leem or Japan '220. These rejections are respectfully traversed. 

The Examiner admits that the combination of Wang and Hu does not include formation 
of a boron containing titanium nitride film to for the contact, but maintains that it would be 
obvious to combine either Leem or Japan '220 to enable formation of a titanium nitride layer of 
Wang to incorporate boron. 

The Examiner also admits that the combination of Wang does not disclose formation of 
one or more alternating layers as a titanium boronitride layer, but that it would be obvious to do 
so based on the disclosures of Leem or Japan '220. 



2. Treatment for Residual Chlorine Removal 

After the deposition step was competed, and the flow of TiCl 4 into the chamber was stopped, the residual 
chlorine removal treatment was carried out as follows: The substrate, including the TiN film, was maintained at a 
temperature of about 6#0°C, and the following process gases were fed to the process chamber to produce the 
ambient for chlorine removal from the deposited film.... 
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Leem discloses the fabrication of aluminum contacts that include formation of a diffusion 
barrier layer and buffer layer(s), which can be a layer of titanium boron nitride. 

Japan '220 discloses the fabrication of tungsten metal plugs having a titanium layer 103 
and an adhesion layer 1 10, which can be a layer of titanium boronitride. 

As stated above, there is no motivation to modify Wang's process to utilize a heat 
treatment of the contact at a temperature of 700°C. or greater. Thus, even with the consideration 
of the disclosure of Leem or Japan '220 to incorporate a layer of titanium boronitride into the 
contact structure, one would not arrive at Applicant's invention as claimed. 

As the combination of Wang and Hu does not provide Applicant's invention as recited in 
the claims, combining the teaching of either Leem or Japan '220 does not make up for the 
insufficiencies of either Wang alone or combined with Hu. Accordingly, withdrawal of these 
rejections is respectfully requested. 

Furthermore, one skilled in the art would not be motivated to utilize the disclosure of 
Japan '220 to modify Wang's process. 

Japan '220 acknowledges the problem with CI incorporation into a TiN layer. To that 
end, Japan '220 teaches formation of a TiN adhesion layer at a temperature of 650°C. — and the 
resulting removal of CI from the adhesion layer. 4 Japan '220 particularly describes Example 5 in 
which a TiB x Ni_ x adhesion layer is formed, including heating the substrate to 650°C. whereby CI 
is removed and exhausted from the system. Japan '220 at paragraphs [0046]-[0049] (emphasis 
added): 

[0049] The [process -520], then the adhesion layer which consist of TiB x N|_ x were formed. 
...The membrane formation conditions of the adhesion layer 1 10 which consists of TiB x Ni. x 
were carried out as follows[:] temperature About 650 degreeC. . .The semiconductor substrate 
1 00 is heated to about 650 degreeC. . .Moreover, CI is also exhausted from . . . CVD system 1 
with ...the volatile high compound HC1, and its CI content of Ti layer and an adhesion layer 
decreases, and membraneous quality's improves..." 



4 See Japan '220, translation at page 5 of 12, lines 1-9: "...Moreover, CI is also exhausted from ...CVD system 1 
with ...the volatile high compound HC1, and its CI content of Ti layer and an adhesion layer decreases, and 
membraneous quality's improves..." 
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This is contrary to Wang's teaching of the criticality of forming a titanium nitride layer at 
a temperature of less than about 600°C. See Wang at paragraphs [0009] and [0010] (above), and 
at paragraph [001 1], 5 One skilled in the art would not look to the teachings of Japan '220 for a 
modification of Wang's disclosed process for forming a TiN contact. 

Wang with Doan . The Examiner rejected Claims 36, 46, 47, 64 and 65 under 
Section 103(a) as being obvious over Wang in view of Doan (US 2001/0006240). This rejection 
is respectfully traversed. 

The Examiner admits that Wang does not disclose formation of the TiSi2 layer by 
PECVD [sic] or sputtering, but that it would be obvious to do so based on Doan's disclosure. 

Claims 36 and 64 recite formation of a TiSi2 layer by plasma enhanced CVD (PACVD) 
— not PECVD. Applicant assumes that the Examiner meant to cite Doan for disclosing the 
formation of a TiSi2 layer by PACVD. 

As to Claims 46-47, those claims do not specify the formation of a TiSi2 layer by PECVD 
[or PECVD] or sputtering. As to those claims, the Examiner is requested to withdraw the 
rejection based on Wang with Dean. 

Applicant does not dispute that Doan teaches the formation of titanium silicon by 
PACVD [paragraph 0034], and discloses prior art methods of forming titanium silicide including 
sputtering [paragraph 0007]. The Examiner is directed to the specification at page 9, lines 2-5 ? 6 
whereby Applicant incorporated the disclosure of techniques and process systems for forming 



5 Wang at paragraphs [0009]-[001 1]: [0009] (emphasis added): 

[0009]... However, thermal CVD of TiN--e.g., using a reaction between TiCl 4 and NH 3 , is often performed at a 
temperature of about 650°C. Such a high temperature may cause undesirable atomic inter-diffusion within the 
capacitor structure. 

[00 1 0] Therefore, a need exists in the art for a method of depositing TiN at a reduced temperature. . . . 

[001 1] The present invention is a method of forming a titanium nitride (TiN) layer using a reaction between 
ammonia (NH 3 ) and titanium tetrachloride (TiCl 4 ) at ...a temperature of less than about 600°C, followed by 
treating the TiN layer in a hydrogen-containing plasma. 

6 Specification at page 9, lines 2-5: "...Techniques and process systems for forming a titanium silicide layer are 

well known in the art, as described, for example, in U.S. Patent No. 6,086,442 (Sandhu, et al.) and No. 5,976,976 
(Doan, et al.) 5 the disclosures of which are incorporated by reference herein." 
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titanium silicide layers within USP 5,976,976 (Doan), which is the parent of Doan 
US 2001/0006240, cited by the Examiner. 

However, the mere combination of Wang disclosure with Dean's process for forming a 
titanium silicide layer does not arrive at Applicant's methods as claimed. 

Neither reference teaches or suggests thermal heating of a contact in a reactive gas at a 
temperature of about 700°C. or greater to remove an undesirable component from the contact. 
Accordingly, withdrawal of this rejection is respectfully requested. 

Extension of Term . The proceedings herein are for a patent application and the 
provisions of 37 CFR § 1.136 apply. Applicant believes that no extension of term is required. 
However, this conditional petition is being made to provide for the possibility that Applicant has 
inadvertently overlooked the need for a petition for extension of time. If any extension and/or 
fee are required, please charge Account No. 23-2053. 

It is submitted that the present claims are in condition for allowance, and notification to 
that effect is respectfully requested. 



P.O. ADDRESS: 

WHYTE HIRSCHBOECK DUDEK S.C. 
1 1 1 East Wisconsin Avenue, Suite 2100 
Milwaukee, Wisconsin 53202 
(414) 273-2100 

Customer No. 31870 



Respectfully submitted, 
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y in case of spedSlMWA "" " " 



ipropn- 
. , . . , „ : un ' 
j .11 Wl ^-^iftTS:- ■ • Jrce ' 3 - Not 3"" P a y able or due: an undue loan. 
linst losses totaling (J ip , *, lant (un'i^-lant,. un'dy>, -d*-) adj. Resembling waves 
mrchase of (a full iss»IM$?currence, appearance, or motion. .• 
my the unsold parifliSl! 30 * fever n. See brucellosis 1. 

time and price. f 3 * 6 ( fin 'M at '» un'dys-, -da-) v. -lat-ed, -lat -Ing. 

ig. b. To subscribe ftl !fg$&' — tr. 1. To cause to move in a smooth wavelike tno- 
rsii^" ^' ^° ®* ve a wave -* ke appearance or form to. —intr. 



1 . To move in waves or with a smooth wavelike motion. 2: To 
have a wavelike appearance or form. 3. To. increase and de- 
crease in volume or pitch as if in waves, —adj. (-lit, -lat'); 
Having a wavy oudine or appearance. [< LLat. undula, small 
wave, dim. of Lat. unda, wave. See wed- 1 *.] — un'du-la* 
to'ry (-la-tor 'e, -tor'e) adj. 

un*dU-la*tion (un'p-la'ston, iin'dya-, -d»-) n. 1. A regular 
rising and falling or movement to alternating sides; movement 
in waves. 2. A wavelike form, outline, or appearance. 3. One 
of a series of waves or wavelike segments. 

un-du-ly (On-dob'le, -dyoo'-) adv. Excessively; immoderately: 
unduly familiar with strangers. 

un-du-ti-ful (un-ddb'ti-fal, -dyoo'-) adj. 1. Lacking a sense 
of duty. 2. Unreliable or disobedient. — un • du ' t) • ful • ty adv. 

— un • du ' tl • ful • ness n. 

un- dying (un-di'lng) adj. Endless; everlasting; immortal. 

un* earned (un-umd') adj. 1. Not gained by work or service: 
unearned income. 2. Not deserved: unearned luck. 3. Paid in 
anticipation of goods' or services not yet rendered. 

unearned Increment n. The increase in property value result- 
ing from factors independent of the owner, such as a general 
rise in demand for land. 

un- earth (un-urth') tr.v. -earthed, -earth -Ing. -earths. 1. To 
bring up out of the earth; dig up. 2. To bring to public notice; 
uncover. ; . 

un* earth *ty (un-urth Me) adj. -Il*er, -II -est. 1. Not of this 
earth; preternatural; supernatural. 2. Unnaturally strange and 
frightening; eerie. 3. Ridiculously unreasonable or uncus- 
tomary ; absurd. — un • earth ' U • ness n. 

un*eas-y (un-e'ze) ad;.' -l-er, -l-est. 1. Lacking a sense of 
security; anxious or apprehensive. 2. Affording, no ease or 
reassurance: an uneasy calm. 3. a. Awkward or unsure in 
manner; constrained: uneasy with strangers, b. Causing con- 
straint or awkwardness: an uneasy silence. 4. Not conducive 
to rest: an uneasy sleep. — un-ease'. un-eas'l*ness «. 

— un*eas'l*ly adv. 

un-ed-rt-ed (un-id'I-tld) adj. 1. Not edited or revised. 2. Not 
adapted for a special audience or purpose. - 

un-ed-u-cat-ed (un-ej'a-ka'tld) adj. Not educated. 

un'e*lect-a-ble (un'Mik'to-bal) adj. Being, such that elec- 
tion, as to high office, is difficult or impossible. 

un-em-ploy-ment compensation (un'em-ploi'mant) n. Fi- 
nancial, compensation for unemployed workers, provided in 
the United States chiefly by state governments. 

un-Eng-Iish (un-Tng'gllsh) adj. 1. Not having the characteris- 
tics of British people or practices. 2. Not in agreement with 
standard English usage. 

un*e*qual (unre'kwal) adj. 1. Not the same in any measurable 
aspect, such as extent or quantity. 2. Not the same as another 
in rank or social position. 3. Consisting of ill-matched oppo- 
nents: an unequal contest. 4. Having unbalanced sides or 
parts; asymmetrical. 5. Not even or consistent; variable. 
6. Not having the required abilities. 7. Not fair. — n. One 
that is not the equal of another. — un-e'qual-ly adv. 

un*e*qualed also un*e*qualled (un-e'kwsld) adj. Not 
matched or paralleled by others of its kind; unrivaled. 

un-e-qulvo-cal (un'i-kwiv'a-kal) adj. Admitting of no 
doubt or misunderstanding; dear and unambiguous: an un- 
equivocal success. — un ' e • quiv ' b * cal • ly adv. 

UNESCO abbr. United Nations Educational, Scientific, and Cul- 
tural Organization. 

un-es-sen-tial (un'I-sSn'shal) adj. Not necessary or impor- 
tant; dispensable. — n. One .that is unnecessary. 

un-e-ven (un-e'van) adj. -er, -est. l.a. Not equal, as in size, 
length, or quality. D. Having ill-matched opponents: an une- 
ven contest. 2. Not consistent or uniform: an uneven, color. 
3. Not smooth or level. 4. Not straight or parallel. S. Of, 
relating to, or being an odd number. 6. Obsolete. Not fair or 
equitable. — un-e'ven-ty adv. — un*e'ven-ness n. 

un-e-vent-ful (uri'I-vSnt'fol) adj: 1. Lacking in significant 
events. 2. Occurring without disruption. — un'e* vent 'ful- ry 
adv. — un'e*vent'ful*rtess n. 

un* ex -am* pled (un'ig-zam'pald) adj. Without precedent; un- 
paralleled. . 

un*ex*cep*tion*a*b!e (un'Ik-sep'sha-na-bal) adj. Beyond 
any reasonable objection; irreproachable. — un'ex-cep'tion* 
a • ble • ness n. — un' ex- cep ' tion • a • bly adv. 

Usage Note: Unexceptionable is derived from the word 
exception in the sense "objection, " as in the idiom take ex- 
ception. Thus unexceptionable means "not open to any ob- 
jection," as in A judge's ethical standards should be unexcep- 
tionable. Unexceptional, in contrast, is related to the common 
sense of exception and generally means "not exceptional, not 
varying from the usual," as in Some judges* ethical standards 
have unfortunately been unexceptional. . 

un*ex-cep*tlon*al (un'Ik-sep'sha-nal) adj. 1. Not varying 
from a norm; usual: an unexceptional performance. 2. .Not 
subject to exceptions; absolute. See Usage Note at unexcep- 
tionable. — un'ex-cep'tion -al-ty adv. 

un-ex'pect-ed (On'Ik-speVtid) adj. Coming without warn- 
ing; unforeseen. — un'ex-pect'ed*ly adv. — un'ex-pect'- 
ed-ness n. 
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